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Rod Visual Fields in Cone-Rod Degeneration
Comparisons to Reriniris Pigmenroso
David G. Birch and Jane L. Anderson
Dark-adapted visual fields to short- and long-wavelength stimuli were obtained from 20 patients with
cone-rod degeneration, 20 patients with retinitis pigmentosa, and ten normal subjects. Patients were
selected because they retained rod electroretinographic (ERG) function over a sufficient range for the
Naka-Rushton analysis of retinal illuminance versus amplitude functions. Patients with cone-rod
degeneration retained a relatively normal field topography although overall sensitivity was reduced.
The mean sensitivity loss was consistent with a small elevation in ERG semisaturation constant and
minimally delayed rod b-wave implicit times. Rod visual fields from patients with retinitis pigmentosa
retaining rod ERG function were consistent with log sensitivity profiles reported previously for type 2
patients. Sensitivity loss was greatest in midperipheral regions, with most patients showing least loss
in the far periphery. Disproportionate loss in the midperiphery is consistent with a large elevation in
the ERG semisaturation constant and prolonged rod b-wave implicit times. Invest Ophthalmol Vis Sci
31:2288-2299,1990
Cone-rod degeneration (dystrophy) is character-
ized both by macular atrophy with progressive de-
cline in visual acuity and by peripheral pigmentary
disturbances with associated field loss.1""4 Patients
usually have no family history or an autosomal re-
cessive mode of inheritance.3 Besides fundus appear-
ance, patients with cone-rod degeneration can be
distinguished from patients with retinitis pigmentosa
with full-field electroretinography (ERG). Patients
with cone-rod degeneration show markedly reduced
cone ERG amplitudes with relative preservation of
rod ERG amplitude.2'5"7 Rod b-wave implicit times
typically lie in the normal range.25~7 Rod sensitivity,
as indexed by the semisaturation constant (log k) of
the Naka-Rushton function, is often in the normal
range or only slightly elevated above normal.6'7 In
contrast, many patients with retinitis pigmentosa
show no detectable rod ERG from an early age, with
dark-adapted thresholds throughout the visual field
which are mediated by cones.8 Patients with these
characteristics have been classified as type 1 retinitis
pigmentosa.9 Other patients with retinitis pigmentosa
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retain rod ERGs, although b-wave implicit times are
delayed,10"12 and the semisaturation constant of the
rod Naka-Rushton function is significantly elevated
above normal.6 These patients show characteristics of
type 2 retinitis pigmentosa9 in that they have dark-
adapted thresholds mediated by rods in at least some
regions of the visual field.8
We compared the spatial patterns of sensitivity in
the rod visual field between patients with cone-rod
degeneration and patients with retinitis pigmentosa
retaining rod ERG function. Our purpose was to de-
termine whether differences exist in patterns of rod
sensitivity, and if so, whether these differences are
consistent with previously reported differences in rod
ERG function.
Materials and Methods
Twenty patients with cone-rod degeneration
(mean age ± 1 standard deviation, 29.5 ±12.1 yr)
and 20 patients of comparable age with retinitis pig-
mentosa (mean age, 30.8 ± 6.6 yr) participated in the
study. All had either a simplex, multiplex, or autoso-
mal recessive mode of inheritance. Patients were re-
cruited from the files of the Retina Foundation of the
Southwest after being diagnosed by ophthalmologists
specializing in retinal disease. Family histories were
examined to exclude X-linked or dominant modes of
inheritance. Mothers and/or daughters of male pa-
tients with no family history of disease were given
fundus examinations and full-field ERGs to exclude
the carrier state.1314 Patients with each diagnosis were
2288
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Table 1. Summary of clinical findings




















































































































































































































































































































































































































































































































•Mean normal dark-adapted rod amplitude (±1 SD) = 1 5 1 (±38) ^V,
-0.1 log scot td-sec short-wavelength flash.
t Mean normal dark-adapted rod b-wave implicit time (±1 SD) = 79.9
(±4.3) msec.
% Mean normal dark-adapted cone amplitude (±1 SD) = 152 (±39) jzV,
computer isolated (red-blue).
§ Mean normal light-adapted cone amplitude (±1 SD) = 72 ± (19) jiV, 10
jisec flashes -32,000 cd/m2.
11 Mean normal light-adapted cone b-wave implicit time (±1 SD) = 28.9
(±1.5) msec.
H Mean normal threshold (± 1 SD) = 1.45 (±0.24) log microapostilibs after
45 min dark adaptation (11 deg white test).
# Normal > 120 deg, equivalent circular field: Goldmann IV4e or equiva-
lent.
** Scotoma to lV4e.
f t Peripheral islands.
selected because they retained rod ERGs over a suffi-
cient range of retinal illuminances to determine pa-
rameters of the Naka-Rushton function. This re-
quirement necessitated recruiting relatively young
patients with retinitis pigmentosa and patients of
comparable age with cone-rod degeneration. Patients
with media opacities and patients unable to maintain
steady central fixation were excluded.
Table 1 summarizes clinical findings for each pa-
tient. Visual acuities in patients with cone-rod de-
generation were typically 20/100 or worse with a pro-
gressive decline from an early age. All had atrophic
macular degeneration and peripheral disturbances
including pigment clumping, bone-spicule pigmenta-
tion, and/or pigment epithelial thinning. Most pa-
tients with retinitis pigmentosa retained 20/50 or
better visual acuity in both eyes with normal macular
appearance and typical bone-spicule pigmentation in
the periphery.
Patients with cone-rod degeneration could also be
distinguished from patients with retinitis pigmentosa
on the basis of the relative peak-to-peak amplitudes
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of dark-adapted rod and cone responses, which in
normal subjects are approximately equal.6 Specifi-
cally, a computer-averaged rod response was elicited
in each patient by short-wavelength (Wratten 47,
Wratten 47A, and Wratten 47B filters; Xmax = 440
nm; half bandwidth = 47 nm) 10-jusec flashes of-0.1
log scotopic troland-sec (log scot td-sec). A cone-iso-
lated response was obtained by subtracting this rod
response from the mixed cone and rod response to
scotopically matched long-wavelength (Wratten 26
filter; X50% cut-on, 605 nm) flashes. As shown in
Table 1, most patients with cone-rod degeneration
retained rod responses approximately equal to or
greater than cone responses. Patients with retinitis
pigmentosa were selected because they retained rod
responses, but the amplitude was typically lower than
the dark-adapted cone amplitude. Ten subjects
(mean age, 27.5 ± 12.6 yr) with normal ophthalmic
findings and normal full-field ERGs were tested to
determine normal values for each parameter.
Dark-adapted full-field ERGs and visual fields
were obtained on a single visit from the same eye in
each patient. Consent was obtained from each patient
and normal subject after the procedures and goals of
the study were explained. All testing was conducted
with pupil dilation (1% cyclopentolate hydrochloride
and 2.5% phenylephrine hydrochloride) and 30 min
of dark adaptation. The entire test session took ap-
proximately 2 hr.
Dark-Adapted Visual Fields
Methods for measuring dark-adapted visual fields
have been described in detail previously.15 Static peri-
metric thresholds were obtained from 76 locations on
a modified Octopus 201 (Interzeag, Schlieren, Swit-
zerland) automated perimeter. The patient was in-
structed to center gaze on a fixation target which was
either a 0.25° spot or a 10° ring. One test location fell
on the blind spot and was used to verify fixation com-
pliance. In patients with cone-rod degeneration,
areas of sensitivity loss centered on the fovea pro-
vided additional evidence for fixation compliance.
Thresholds were determined twice at ten locations to
provide a measure of reliability for each patient. Only
patients with Root-Mean-Square (RMS) fluctua-
tions less than 6 dB were included in the study. The
mean RMS fluctuations for the group with cone-rod
degeneration and the group with retinitis pigmentosa
were 3.55 dB and 2.69 dB, respectively. Fifteen pa-
tients with cone-rod degeneration and 15 patients
with retinitis pigmentosa had false-positive and false-
negative rates of less than 10%.
Fields were measured initially with short-wave-
length (blue; Xmax = 450 nm; half bandwidth = 55
nm) stimuli and subsequently with long-wavelength
(red; X50% cut-on, 605 nm) stimuli. Based on photo-
metric calibrations, sensitivity values to red 3 dB (0.3
log unit) higher than to blue stimuli indicated that
cones were detecting both stimuli. Sensitivity values
to blue 10 dB (1.0 log unit) higher than sensitivity
values to red indicated that rods were detecting both
stimuli, while blue-red sensitivity differences from
- 3 and +10 dB (-0.3 to 1.0 log unit) suggested an
intermediate situation with rods detecting the blue
stimulus at threshold and cones detecting the red
stimulus at threshold. Thresholds to blue stimuli were
considered to be rod mediated at locations where the
blue-red difference was greater than zero.
Fields were analyzed in several ways. Sensitivity
profiles9 for short-wavelength stimuli were generated
for the vertical midline to avoid the optic disc.
Three-dimensional plots were generated using a bi-
variate spline procedure. A measure of the average
sensitivity of the rod field was obtained by taking the
mean of all sensitivity values with rod-like spectral
properties lying outside the macula. The area of the
rod field was determined from the number of loca-
tions with rod-like spectral sensitivity lying within 20
dB (2.0 log units) of mean normal. Peak rod sensitiv-
ity was determined by averaging the five highest sen-
sitivity values from regions with rod-like spectral sen-
sitivity. Sequential defect curves16 were generated by
arranging dB differences from mean normal in order.
Although the topography of deficits is lost with this
method, diffuse loss and regional loss lead to dis-
tinctly different profiles.16
Full-Field Rod ERGs
Full-field ERGs were obtained from the cornea
with a Burian-Allen bipolar contact lens electrode,
amplified (gain, 10,000; 3 dB down at 2 and 300 Hz)
and averaged (n = 20) with a minicomputer using
software to reject sweeps containing artifacts approxi-
mately twice the signal amplitude. An ascending
series of short wavelength (Xmax, 450 nm; bandwidth,
55 nm) flashes was used to obtain rod responses from
threshold to 2.0 log scot td-sec. Rod responses were
isolated at high stimulus illuminances by computer-
subtracting cone responses to photopically matched
long-wavelength stimuli.6 Rod ERG amplitudes as a
function of retinal illuminance were analyzed by
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where V = rod peak-to-peak amplitude, Vmax = max-
imum rod amplitude, I = retinal illuminance, and k
= retinal illuminance at half amplitude. (Since the
exponent [n] of the Naka-Rushton function was ap-
proximately 1.0 in these patients [mean, 0.99 ± 0.36]
and in patients reported previously,6 linear analysis
was used to reduce the number of free parameters.)
Rod threshold (2.0 fiV criterion) was derived from
the Naka-Rushton parameters:
log threshold = log k + 0.3 - log (Vmax - 2)
Results
Three-dimensional representations of the visual
fields for short-wavelength and long-wavelength stim-
uli are shown for a dark-adapted normal subject in
Figure 1. As shown previously,15 normal subjects
showed highest sensitivity to short-wavelength stim-
uli (Fig. 1 A) in the midperiphery with lower sensitiv-
ity in the macula. The shape of the field to long-wave-
length stimuli (Fig. IB) was similar but shifted down-
ward by an average of 12 dB (1.2 log unit), consistent
with rod spectral sensitivity. In the macula (average
value obtained at 1.8° on both sides of fixation), this
difference decreased to 2 dB, suggesting that rods
mediated detection of the short-wavelength stimulus
while cones mediated detection of the long-wave-
length stimulus.
Dark-adapted visual fields and computer-averaged
full-field ERGs are shown in Figure 2 for a represen-
tative patient with cone-rod degeneration. Psycho-
physical sensitivity to short-wavelength stimuli (Fig.
2A) was, on average, 7 dB (0.7 log unit) higher than
sensitivity to long-wavelength stimuli (Fig. 2B). That
is, thresholds to short-wavelength stimuli appeared to
be mediated by rods at most locations in the field.
Consistent with macular degeneration and low
(20/200) visual acuity, sensitivity to both short- and
long-wavelength stimuli was depressed in the macula
in this patient and in most patients with cone-rod
degeneration. Rod sensitivity was highest 15-30°
from the fovea and decreased rapidly toward the pe-
riphery.
Computer-averaged ERGs were detectable in re-
sponse to short-wavelength flashes that in normal
subjects elicit only rod responses (below 1.0 log scot
td-sec).6 The rod origin of these responses is evident
in the waveforms and b-wave implicit times (Fig. 2C),
which are typically 80 msec or longer. The predomi-
nance of rod activity at high retinal illuminances
(> 1.0 log scot td-sec) is reflected in the relative am-
plitudes to photopically matched short- and long-
wavelength stimuli shown adjacent to each other in






Fig. 1. Dark-adapted visual fields in a normal subject. (A) Visual
field for short-wavelength stimuli. Superimposed is a "slice"
through the vertical midline used to generate the sensitivity profiles
in Fig. 8. (B) Visual field for long-wavelength stimuli.
adapted cone responses were not detectable. Log rod
amplitude as a function of log retinal illuminance
(after computer isolating the rod response at high reti-
nal illuminances) is shown in Figure 2D along with
the best-fit Naka-Rushton function (solid line). In
this patient, log k was elevated 0.4 log unit compared
with mean normal, log Vmax was decreased by 0.4 log
unit, and rod ERG threshold was elevated by 0.8 log
unit.
Rod visual fields are shown in Figure 3 for four
additional patients with cone-rod degeneration. Sen-
sitivity was higher to short-wavelength than to long-
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Cone-rod degeneration
#2870 #0146
Fig. 3. Rod visual fields for
short-wavelength stimuli in
four additional patients with
cone-rod degeneration. The
fields are intended to demon-
strate gradations in the degree
of rod sensitivity loss.
#2561 # 1173
Dark-adapted visual fields and full-field ERGs are
shown in Figure 5 for a patient with retinitis pigmen-
tosa. Sensitivity values to short-wavelength stimuli
(Fig. 5A) were higher than sensitivity values to long-
wavelength stimuli (Fig. 5B) in the far periphery. A
midperipheral ring scotoma was evident to both stim-
uli. Detection in the macula was determined by
cones, as evidenced by the sharp central peak in sensi-
tivity to long-wavelength stimuli. Excluding the mac-
ula, sensitivity to short-wavelength stimuli averaged
11.2 decibels (1.12 log unit) higher than sensitivity to
long-wavelength stimuli. Full-field ERGs (Fig. 5C)
contained low amplitude responses to short-wave-
length stimuli below cone threshold. The corre-
sponding log amplitude versus log retinal illumi-
nance function (Fig. 5D) showed an increase in log k
of 1.0 log unit above mean normal, a decrease in log
Vmax of 0.9 log units, and an increase in rod ERG
threshold of 1.9 log units.
Dark-adapted visual fields to short-wavelength
stimuli are shown in Figure 6 for four additional sub-
jects with retinitis pigmentosa. With the exception of
the macula, sensitivity to short-wavelength stimuli
was higher than to long-wavelength stimuli through-
out the fields. Considerable variability was seen be-
tween subjects in the field profile. In general, how-
ever, patients with retinitis pigmentosa tended to
show low rod sensitivity in the midperiphery, with
islands of higher rod sensitivity in the periphery.
Sequential defect curves for these patients are
shown in Figure 7. In contrast to the slopes in pa-
tients with cone-rod degeneration (Fig. 4), slopes in
these patients with retinitis pigmentosa are steeper
than normal, indicating variation in magnitude of
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Fig. 4. Sequential defect
curves from the patients shown
in Figure 3. In each figure, the
solid curve represents the aver-
age differences from mean nor-
mal for 10 normal subjects.
Dashed curves indicate the re-
gion in which 90% of normal
values would be expected to
fall. Solid triangles show data
from individual patients with
cone-rod degeneration.
rod loss with field location. Across all patients, slopes
were significantly steeper in patients with retinitis
pigmentosa than in patients with cone-rod degenera-
tion (t38 = 3.89; P < 0.001). This regional variation is
superimposed on a diffuse loss component, which led
to a significantly greater vertical displacement of the
curve than in patients with cone-rod degeneration
(t38 = 2.09; P < 0.05).
Summary attributes of rod visual fields and rod
ERGs are shown in Table 2 for ten normal subjects,
20 patients with cone-rod degeneration, and 20 pa-
tients with retinitis pigmentosa. Rod fields in the two
patient groups differed in mean sensitivity (t38 = 4.79;
P < 0.001), peak sensitivity (t38 = 4.11; P < 0.001)
and log area (t38 = 3.76; P < 0.001). Rod ERG pa-
rameters derived from Naka-Rushton analysis also
differed significantly between the two groups. Pa-
tients with cone-rod degeneration showed less devia-
tion from normal than patients with retinitis pig-
mentosa for each parameter. Significant differences
were found in rod ERG threshold (t38 = 4.92; P
< 0.001), log k (t38 = 2.68; P < 0.01), and log Vmax (t38
= 4.88; P< 0.001).
Mean sensitivity profiles through the vertical mid-
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Fig. 5. Dark-adapted visual fields and dark-adapted full-field
ERGs in a patient with retinitis pigmentosa. (A) Visual field for
short-wavelength stimuli. (B) Visual field for long-wavelength stim-
uli.
line of the short-wavelength field are shown in Figure
8 for ten normal subjects, 20 patients with cone-rod
degeneration, and 20 patients with retinitis pigmen-
tosa. Sensitivity to short-wavelength stimuli was
higher than to long-wavelength stimuli in all loca-
tions except the macula of patients with retinitis pig-
mentosa. The open triangle indicates that sensitivity
was mediated by cones in 15 of 20 (75%) patients.
Rod sensitivity in this location cannot, therefore, be
determined but lies at some point below the cone-
mediated value. Patients with cone-rod degeneration
show highest sensitivity in the midperiphery, with a
short wavelength long wavelength
Fig. 5. (C) Full-field ERGs to short-wavelength and photopically
matched long-wavelength stimuli.
steep fall-off in the periphery and a distinct rod-me-
diated dip in the macula.
For purposes of statistical analysis, each rod visual
field was divided into three zones with the macula
excluded. The first zone extended from 15-30° from
fixation, the second from 45-60° eccentricity, and
the third comprised the far periphery (>60°). As
shown in Figure 9, the average elevation in rod
threshold relative to normal was comparable in all
three regions of the field in patients with cone-rod
degeneration. Patients with retinitis pigmentosa
showed the greatest threshold elevation 15-30° from
fixation and the smallest threshold elevation in the
periphery. The results of a two-factor analysis of vari-
ance with repeated measures on one factor are shown
in Table 3. There were significant overall differences










Fig. 5. (D) Log peak-to-peak rod ERG amplitude as a function of
log retinal illuminance. Solid curve is best-fit Naka-Rushton func-
tion with log k indicated by vertical arrow. Dashed curve is mean
Naka-Rushton function based on 10 normal subjects. Vertical bar
represents mean normal log Vmail ± 1 SD and horizontal bar repre-
sents mean normal log k ± 1 SD.
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Fig. 6. Rod visual fields for
short-wavelength stimuli in
four additional patients with
retinitis pigmentosa. The
fields are intended to demon-
strate graduations in the de-
gree of rod sensitivity loss.
#2755 #0984
zones (P < 0.001). In addition, there was a significant
interaction between eccentricity and patient group (P
< 0.001). Patients with retinitis pigmentosa showed
significantly greater variation in threshold elevation
with eccentricity than patients with cone-rod degen-
eration. As also shown in Table 3, the same pattern
was present in a subgroup of 26 patients matched in
mean sensitivity.
Discussion
Patients were selected for this study because they
retained detectable rod ERGs. As a result, all patients
showed evidence of rod function on perimetric test-
ing. Spectral stimuli were used to determine field lo-
cations at which dark-adapted sensitivity was me-
diated by rods. Most patients with cone-rod degener-
ation retained a relatively normal field profile
although overall sensitivity was significantly reduced.
Sequential defect curves were particularly useful for
demonstrating this uniform downward shift in sensi-
tivity throughout the field. Midperipheral scotoma
were not typically seen in these patients. Variation in
sensitivity with eccentricity was significantly different
than in patients with retinitis pigmentosa, even when
patients from each group were matched in mean sen-
sitivity. The rod sensitivity profile found here in pa-
tients with cone-rod degeneration is consistent with
histologic findings of relative preservation of rods and
cones in the equatorial area.17
Three patterns of visual dysfunction have been re-
ported previously in patients with cone-rod degener-
ation.7 One pattern containing patients with only
some central and far peripheral islands of vision was
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Retinitis pigmentosa
Fig. 7. Sequential defect
curves from the patients
shown in Figure 7. In each fig-
ure, the solid curve represents
the average differences from
mean normal for 10 normal
subjects. Dashed lines indi-
cate the region in which 90%
of normal values would be
expected to fall.
# 2759
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not seen in our study, probably because patients with
unsteady fixation and undetectable ERGs were ex-
cluded. Examples of the other two patterns were seen
in our sample. Some patients with cone-rod degener-
ation showed relatively mild peripheral loss with a
comparable reduction in rod and cone ERG ampli-
tude. Other patients showed a more extensive central
scotoma and greater cone than rod loss in the ERG.
The gradations of loss in our sample, however, sug-
gest a continuum rather than a dichotomy. Our re-
sults are consistent with the suggestion7 that the first
pattern may represent an earlier stage of degeneration
than the second pattern.
Normal or near-normal rod b-wave implicit times,
despite reduced amplitudes, have been reported pre-
viously in patients with cone-rod degeneration25"7
and are consistent with the minimal elevations in log
k (sensitivity) we found. One possible explanation for
this finding is that rod loss in cone-rod degeneration
may be regional, leading to patchy degeneration.25'6
However, patchy degeneration was not characteristic
of the rod fields reported here, at least within the
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Table 2. Rod field and rod ERG parameters
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Values are mean ± SE.
resolution at which the field was sampled. More
characteristic was a mild decrease in sensitivity
throughout the retina, evident, for example, in the
parallel displacements of the sequential defect curves.
The magnitude of the decrease was typically less than
10 dB and consistent with values of log k that were
slightly elevated and rod b-wave implicit times that,
although typically in a broad normal range, tended to
cluster near the upper limit.
We selected patients with retinitis pigmentosa who
retained rod ERGs over a sufficient range of retinal
illuminances for analysis of retinal illuminance
versus amplitude functions. Spectral perimetric pro-
files were similar to those of type 2 retinitis pigmen-
tosa.9 Despite considerable variation among patients,
rod visual field profiles were readily distinguishable
from those of patients with cone-rod degeneration.
Sensitivity was typically higher to long-wavelength
than to short-wavelength stimuli in the macula, indi-
cating that central thresholds were mediated by
cones. Consistent with previous reports,9 midperiph-
eral loss was common with most patients retaining
rod-mediated vision in the periphery. Since rod sensi-
tivity loss was greatest in regions where rod sensitivity
is normally highest, ie, central and midperipheral re-
gions, patients, on average (Fig. 8), tended to show
less variation in sensitivity in the remaining field than
patients with cone-rod degeneration. The dispropor-
tionate rod sensitivity loss in the midperiphery pre-
sumably leads to the prolonged rod b-wave implicit
times and large elevations in log k (sensitivity) found
here and in previous studies.612
Quantitative static perimetry provides a powerful
tool for analyzing the pattern and degree of sensitivity
loss in visual disease. However, the technique gener-
ates a wealth of information which must be com-
pressed for meaningful analysis. The analytic ap-
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Fig. 8. Perimetric sensitivity profiles from the vertical midline for
10 normal subjects, 20 patients with cone-rod degeneration, and 20
patients with retinitis pigmentosa. Solid symbols indicate mean rod
sensitivity at each test location (± 1 SE). Open symbol indicates that
sensitivity is cone mediated in the macula of most patients with
retinitis pigmentosa. Continuous curves are the means of "slices"





Fig. 9. Mean threshold elevation (compared with normal) within
each zone of the visual field in patients with cone-rod degeneration
and retinitis pigmentosa.
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Table 3. Repeated measures ANOVA
Source









































































































useful in longitudinal studies of patients with cone-
rod degeneration and patients with retinitis pigmen-
tosa.
Key words: ERG, rods, retinitis pigmentosa, cone-rod de-
generation, visual fields
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